Introduction
Stellera chamaejasme L., a traditional Chinese medicine, is widely used for the treatment of scabies, ringworm, stubborn skin ulcers, chronic tracheitis, and liver and lung cancers in China and in other Asian countries (Yang, 1993; Niwa et al., 1984) . Pharmacological studies have revealed that Stellera chamaejasme L. possesses multiple bioactivities, including antivirus, antitumor, antimitotic, antifungal, and immunomodulating activities (Yang, 2005; Liu et al., 2012; Yoshida et al., 1996; Endo et al., 1998) . Flavonoids and biflavonoids are two types of important constituents in Stellera chamaejasme L., which exhibit antitumor, antivirus, antimitotic, and antifungal activities (Asada, 2013; Liu, 2008; Yang, 2005) .
The glucuronidation conjugation reaction is an important elimination and detoxification mechanism for xenobiotics and endogenous compounds. UDP-glucuronosyltransferases (UGTs) glucuronidate compounds by transferring glucuronic acid from its cofactor uridine 5-diphosphoglucuronic acid (UDPGA) to lipophilic substrates, thereby transforming them into hydrophilic glucuronides and facilitating their subsequent elimination via biliary or renal routes.
Isoneochamaejasmin A (INCA, Fig. 1 ), a biflavonoid, is one of main active ingredients in the dried root of Stellera chamaejasme L. with a high content level of up to 1% (w/w) (Feng et al., 2004) .
In the present study, we report the identity of the human liver UGTs responsible for the O-glucuronide metabolism of INCA in an in vitro system. Metabolic screening was performed with a battery of recombinant human UGTs to identify the specific UGT isoforms involved in O-glucuronidation.
Inhibition studies and correlation studies were further performed to identify the UGT isoforms D M D # 5 5 9 6 2 5 voucher specimen had been deposited in the College of Pharmaceutical Sciences, Zhejiang University, Zhejiang, China. The dried root was pulverized and then extracted three times in a 10-fold volume (w/v) of 95% ethanol at ambient temperature. The 95% ethanol solution was condensed and the condensate was successively extracted three times in a 10-fold volume (v/v) of ethyl acetate at ambient temperature. The ethyl acetate fraction was condensed and subjected to silica gel (200-300 mesh) column chromatography with a gradient elution by using petroleum ether (60-90 ºC)-ethyl acetate. The eluted solution (60:40) was evaporated to dryness in a rotary evaporator at 40 ºC under vacuum. The residue was redissolved in methanol and further purified by Waters RP-prep HPLC with a mobile phase consisting of 55% methanol and 45% water/ formic acid (100:0.1, v/v). The purity was >98% based on the HPLC determination. The structure of prepared Isoneochamaejasmin A was identified by MS and 13 C NMR, 1 H NMR analysis and was consistent with the literature (Feng et al., 2004; Feng and Pei, 2002 pooled mouse (n = 8), rat (n = 8), and dog (n = 4) liver microsomes were prepared as previously described (Gibson and Skett, 1994) and all manipulations were carried out in an ice-cold bath. Pellets were re-suspended in sucrose-tris buffer (pH 7.4) (95:5, w/v), and immediately stored at −80 ºC.
Microsomal protein concentrations were determined by the modified Lowry method, using bovine serum albumin (BSA) as the standard.
All experiments with animals were performed according with the guidelines from the National
Institutes of Health for the care and use of animals, and were approved by the Institutional Animal
Care and Use Committee of Zhejiang University.
Determination of Enzyme Activity of Liver Microsomes and Recombinant
UDP-glucuronosyltransferases. The glucuronosyltransferase activities of mouse, rat, dog, pig, human liver microsomes, HIM, HKM and recombinant UGTs were determined according to our previous methods (Yu, et al., 2007) . Trifluoperazine was used as the probe substrate of UGT1A4, and 7-HFC was used as the probe substrate of the other UGT isoforms. The results indicated all of the liver microsomes and recombinant UGTs had good activities (data not shown). with the addition of 100 μ L of ice-cold acetonitrile. After removal of the protein by centrifugation, the supernatant was subjected to HPLC as described above. concentrations were 40 μ M and 0.4 mg/mL, respectively. The activity of each UGT isoform was determined by HPLC as described previously for 17β-estradiol glucuronidation (Ma et al., 2012) , quercetin and propofol glucuronidation (Yu et al., 2007) . Pearson's product-moment correlation coefficients were calculated by GraphPad prism 5 (version 5.01, GraphPad Software Inc., San Diego, CA). P < 0.05 was considered to be statistically significant. Relative Activity Factor (RAF) Method Application. To achieve an accurate understanding of the contribution of UGT enzymes in the formation of M1 in liver, M1 formation activity was scaled from recombinant systems to HLM through the RAF method Crespi and Miller, 1999) .
In

Analysis of the Glucuronide
Kinetic Analysis with Liver Microsomes and
The relative contribution of the individual isoform (Contribution i ) is calculated by the following 3 equations V total , and vtotal mean the M1 formation rate of the individual isoforms in HLM, the M1 formation rate of the recombinant UGT, and the total M1 formation rate in HLM, respectively. Glucuronidation rates of 17β-estradiol and propofol were reported to be probe reactions for catalytic activity of human UGT1A1 and UGT1A9, respectively (Soars et al., 2003; Zhu et al., 2012) . the constant describing the substrate inhibition interaction (K i ). The student t-test was used for statistical analysis and statistical significance was defined as P < 0.05.
Results
Glucuronidation of INCA in Human Liver
Microsomes. Two metabolites (M1 and M2) were generated after incubation of INCA with HLM in the presence of UDPGA (Fig. 2B ). These two metabolites were confirmed as glucuronide conjugates by LC-TOF-MS analysis (Fig. 3) ), respectively. The subsequent product ion mass spectra of metabolites generated identical fragment ion patterns, which gave the major fragment ion at m/z 541, indicating the loss of a glucuronic acid moiety (176 Da). Hydrolysis studies indicated that M1 and M2 were easily hydrolyzed with β -glucuronidase and converted to the parent compound INCA.
Structures of INCA Glucuronides. It is difficult to identify the glucuronide position in INCA molecular by LC-TOF-MS data. Therefore, in order to identify the metabolite structures, M1 and M2
were synthesized by chemical synthesis. The retention times of the synthesized compounds corresponded to those of M1 and M2 (Fig. 2F) . The mass spectra of the synthesized compounds also (Fig.   4 ). The first peak was designated M1a and the second peak was designated M1b. M1a and M1b were then resolved by using prepared liquid chromatography on a semi-prepared COSMOSIL π NAP column (10 mm × 250 mm, 5 μ m, Nacalai Tesque, INC., Kyoto, Japan). The 1 H-NMR and 13 C-NMR data and the subsequent product ion mass spectra of M1a and M1b were too similar to distinguish their absolute configurations (Fig 3A, 3B , and Table 1 ). However, M1a and M1b exhibited different specific optical rotations with values of +0.5 º and -1.7 º, respectively, determined using a Jasco automatic P1030 polarimeter (JASCO, Kyoto, JAPAN) with a 589 nm Na lamp. M2 showed only one peak in this chromatographic condition with a π NAP column (Fig. 4) . M1 formation was catalyzed simultaneously by UGT1A1, UGT1A3, and UGT1A9, whereas UGT1A1 showed the highest catalytic activity. M2 formation was catalyzed only by UGT1A3 among the 12 UGT isoforms. Correlation analyses with activities of UGT isoforms in HLM were performed to confirm the involvement of UGT1A3 and UGT1A9 in the formation of M1. As shown in Figure 6 , the M1 formation rates were significantly correlated with the 17β-estradiol glucuronidation (r 2 = 0.7819, P = 0.0007), the propofol glucuronidation (r 2 = 0.6280, P = 0.0063), and the quercetin glucuronidation (r 2 = 0.5603, P = 0.0127).
Identification of UGT Isoforms Involved in
Contributions of UGT1A1 and UGT1A9 to the Formation of M1 in Human Liver Microsomes.
The RAF value of 17β-estradiol glucuronidation between recombinant UGT1A1 and HLM was 0.84.
The RAF value of propofol glucuronidation between recombinant UGT1A9 and HLM was 0.41. and M2, respectively (Table 2) . UGT1A1-mediated formation of M1 displayed a 6-and 11-fold higher V max than did the UGT1A3 and 1A9-mediated formations of M1, respectively. On the basis of the V max and Cl int data, UGT1A1 was considered to make a greater contribution to M1 formation than UGT1A3 and 1A9.
Discussion
Biflavonoid constituents in Stellera chamaejasme L. have noticeable pharmacological activities, but they also have certain toxicities, such as hepatic and renal toxicity (Song et al., 1996; Du and Liu, 1999) . Metabolism is an important pathway to promote the elimination of some endogenous and exogenous compounds in vivo. Although we observed no product peak and no obvious decrease in the (data not shown), two metabolites (M1 and M2) of INCA were found in human, mouse, rat, dog, and pig liver microsomes in the presence of UDP-glucuronic acid in this study. These two metabolites were confirmed as single glucuronide metabolites by MS and β -glucuronidase assay, but their structures were difficult to identify by MS spectrums alone. The glucuronic acid moiety of M1 and M2 was easily lost even in low-energy collisions in MS/MS analysis. Therefore, similarly to other flavonoid glucuronides, it was difficult to confirm the glucuronide position in INCA from the molecular ion fragment information (Fig. 3) .
In were confirmed as 7-O-glucuronide and 4′-O-glucuronide, respectively. Initially, we assumed that site 7 and site 7′′ was the same site for biflavonoid because M1 always showed one peak regardless of mobile phase conditions. However, to our surprise, M1 from chemical synthesis and biosynthesis were both separated into two similar peaks (designated M1a and M1b) on a π NAP stationary phase, while M2 showed only one peak under the HPLC conditions (Fig. 4) . A π NAP column is packed with naphthalene-bound silica and offers improved separation of compounds such as positional isomers that are difficult to separate with alkyl group-bonded materials. M1a and M1b were then resolved by a semi-preparation π NAP column. Unfortunately, it was difficult to confirm their absolute configurations by their specific optical rotations and NMR data. We have made several attempts to grow single crystals for X-ray diffraction analysis, but to date we have been unsuccessful.
It is well known that racemic compounds are mirror-symmetrical. Although INCA (as a biflavonoid)
is a single enantiomer molecule, its two single flavonoid groups are mirror symmetrical to each other (Fig. 1) . Therefore, INCA can be approximated as a racemate and its 5-/5′′-, 7-/7′′-, and 4′-/4′′′-hydroxyl groups are different in spatial configuration to each other. Glucuronide metabolites of some racemates might be separated on a non-chiral stationary phase column, such as flurbiprofen (Wang and Zeng, 2011) , propranolol (Yu et al., 2010; Yu et al., 2004) , propafenone (Xie and Zeng, 2010) , and sarpogrelate metabolites (Kim et al., 2013) . We believe M2 also has two constitutional isomers even if
they cannot be separated under the present HPLC conditions. This point was confirmed by the 1 H-NMR spectra of M2, which showed two sets of overlapping signals produced by a mixture of two diastereomers, though those were not observed from 13 C-NMR data ( (M1) and only UGT1A3 catalyzed the 7 (and/or 7′′)-O-glucuronide of INCA (M2) (Fig. 5 ). Statistically significant correlations were shown between the M1 formation and UGT1A1-mediated 17β-estradiol glucuronidation rates (P = 0.0007), between the M1 formation and UGT1A9-mediated propofol glucuronidation rates (P = 0.0063) (Yu, et al., 2007) , and between the M1 formation and UGT1A3-mediated quercetin glucuronidation rates (P = 0.0127) (Yu, et al., 2007) (Fig. 6 ). Our results collectively indicated that UGT1A1, UGT1A3, and UGT1A9 catalyzed the formation of M1, whereas only UGT1A3 catalyzed the formation of M2.
Obvious species differences were found in the kinetic parameters of five species (Table 2) (Table 2) suggest that UGT1A9 is the main contributor to INCA glucuronidation in this tissue.
In summary, the present results demonstrate that INCA was transformed to M1 and M2 in HLM.
The two single flavonoid groups in the INCA molecule are mirror-symmetrical to each other which led to the production of M1a and M1b when the 7-/7′′-hydroxyl groups of INCA were conjugated with UDPGA. UGT1A1, UGT1A3, and UGT1A9 were responsible for the formation of M1, and only UGT1A3 was responsible for the formation of M2. In addition, the formation of M1 was mainly metabolized by UGT1A1. This article has not been copyedited and formatted. The final version may differ from this version. 
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